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ABSTRACT

‘1’he Cass~rli spac Ccl-aft_  wj]] ~)c the first one to visit the
Saturni an system in more than two decades after the unprecedent.cd
flybys of the Voyage]- spacecraft. in 1980 and 1981 . I)iffcrcnt from
Voyager, the Cassini spacecraft wil~ carry a probe, provided by the
l:u]-opcan  Space Agency, that. will he released int,o t-he Titan atmo-
Sp}lc]-e rclayjng scjcnce data t.o the orbjtcr. l’he orbjtcr wjll store
L}]c probe data arlci wil 1 L]-arlsmit it back LO ~:a~-th  at_ a IaLOr time.

Ar]ot.her  major djffcrcncc frc)m Voyager, in t.crms of its science rc–
turn, js that Cassjrli will investigate Saturn, it_s rings,
litcs,

saLel-
and magnetosphere for fou]- years.

‘1’hc Cassini mjssion is scheduled for launch in October 1997
using the T’itan lV/Ccrltau~- wji}l upgraded Solid Rocket Mc)t.ors
(SRMU) . ~’hc launch will be from t.hc Kennedy Space Center (KSC)
launch complex 40 0]- 41 . ‘J’}le spacecraft will be injected initjally
irlt.o the inne~- solar syste][l after t-he Centaur uppc~- stage c om-
plct_es it_s second bu]-n whjch lasts approximat.c]y  eight, mjnut,es.
Follc)wjng t-his burn, the spacecraft, and i-he upper stage take djf-
fercnl. pat }1s since t.hc late] initjatcs t,hc Colljsion and
Cent.amil”lat_ic)n Avc)idance Maneuver (CCAM) to avoid impactirlg either
Venus or the spacecraft. About. 3 to 4 weeks after launch, the
spacecl-aft  pe]forms its fj]-st. T]-ajcctory Co~-recLion Maneuver (’J’CM)
to cor~’ect. for injection djspc]-sions.  Because the launch vehicle
cannot provide enough energy Lo f’ly a djrcct trajectory to Sat-u]-n,
Cassjni will fly a Venus-Vcr~us-  l;art.h--Jupi t_cr Gravjt,y Assist
(VVHLJGA)  t.]-ajectory  t.o irlcrease the cnc?-gy of the Lraject.ory. ‘J’he
SpaCX!C]-:ifL. wi 1 1 be Sun pojntcd  w}lj IC it flies within one AU allow-
jrlg I_l]c }ligh Gain Antenn:i (IICA) to shade the ]-est. of the space-
craft . I)u]-ing this tirrle, c:c)r[ti~]~]r]jc:atjc)r~  with I-:a]-th will be ac]lieved
usjng t.hc I,OW Gain Antennas (l,GAs) .

‘J’he data provided fc)r the followjng description of the tra -
_ject_c)ry scc~uence of everlt-s appl y only t-o the ]-e fcrence t,raject. c)ry
whjch i s corlsicle]-eci  t.o be the L]-ajcct.  o]-y for the opcnjng of Lhc
ncmuinal launch pc]-jc)ci. A table c)f rr~issjon evcnt_s is p]-cscntcd jn
Table 1 . The corrlplc; tc irlt. e]-planetal-y  t.]-a jecto~-y is il]ust. rat. cd in
I’igu l-e 1, and the inrlc] sc)]a] .SystcI[l  t.]ajcct.o]  y jr-l l,’igur-c 2. If
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considering a t.l-aject. c)]-y Othc]- Llmn the refe~-ence t.raject. o]-y, some
aci jus L1[lent. s wi 1 1 have t.o be rn;icie  to i nfor mati on such .3s ciatc:s, ~]-
tiiucies, ancl nmncuver rllaqr]ituci  es, c!t. c .

‘1’ak)le 1 . Mjssion Event, s
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‘1’}Ic pcyihe]ic)ll  of t}lc injt i a] c)]-bji _ i s (1 . 68 Au and iS t.11~
c1 osc!st I_})c! Space cl-aft f 1 ies to t.llc! sun. ‘1’lli s pe]-j llel 5 on c)ccur-s on

Ma]-c}] 23, 1998. ~“}]c fi ] st Venus cncounl_c~- wi 11 be c)n Apri 1 21 , 1998,
198 clays aftel- 1 auncl] . ‘~’he Venus f] yby t.r-a-jcctory 5 s s}lown i n 1’5 g-

3U1-c! . . q’hc spacec]”aft.  (S/C) w; 11 apprc)acll Verlus f]c)rn t.}le Sun
dil-ectior]. Cl c)sest appl-c)ac}l  occu]-s i n t_hc Sun occult. at_ion zone
w}li cl] wi 1 1 1 ast about 1 6 1[15 nut es . At clc)sest app]-c)ach,  t I]e al t i tuclc
wi 11 be 300 km, wlli cl] i s t}le mj ni mum al 1 owed altjtudc, ancl t}le
ve]ocit, y l-clat. ive to Venus h’i 11 bc! 11 .8 kill/S. I’arqet. i ng ac:cu]-acy
wi 1 1 be improved usjng two ‘1’ CMs, 60 and 20 days be fo]-e closest.
a})pl”c)tl  Cll , and a c1 can- up Inane uver 20 days aft, cr the flyby.

A l-’ew ciays bef c)rc aphe] i on of t_llc second orbi t, a dct. crrni n-
i st. i c nmncuve]- or Ileep Space Mar]euve]- (I)SM) wi 11 be pc?rfc)]-nlc!ci t.o
]-educe perihelic)n and sei_ t.hc t.rajcct, ory for the secc)nd Venus
f 1 yby , !l’he x[~aqni Lude c)f t.hi s maneuvc~- ~-anges f~-om 350 nl/s t.c) 4“10
rt\/s ciepcndj ng on t.hc launch ene~-qy and the launch date. U’hi s
maneuve~- dcc~-eases t.lll-c>ugh  I_}le ent_i ;-e 1 aunch period.

‘1’lle seconci Venus fj yby wi 11 c)ccur c)n June 20, 1999, 424 ciays
afte]- t hc f i rst. Venus encounter. The Venus-2 f 1 yby trajectory i s
s}lown i n l’igure 4 . Venus wi 11 be apprc)ached from the ant i -Sun cii -
]-ect i 011. At- cl osest app]oach, the altitude will be 220-/ km, and t_hc
ve] ocity relative t.o Venus wi 11 be 13 km/s . l’argcti ng maneuvez-s
wjll take place 60 and 2.0 ciays be fo]-e closest approacl], and a n~a-
ncuvc]- 10 days afte~- I_he f 1 yby . l’hi s nianeuver includes the neces-
sary F:arth avoidance bias . I’crihc] ion of Lhc? second orbit occurs a
week after t_hc second Venus f] yby on June 2“1, 1999 at a distance of
0. ”/2 l!LU f]-cmrl the Sun.

‘1’hc gecnnet]-y of Lhe VVF;JGA t~-ajectory is ve~-y unique since it.
pl-c)viclc’s t}le oppc)rtuni~y of a double flyby, Venus -2/l: arth, q’he
l:al-t}] flyby will c)ccu] 56 clays f~”om the Venus-? flyby on August_
36, 1999. The P:al-th  flyby t.~-aject.  c)ry is shown in Figure 5. ~’he
I:art}l will be approached from t.}le Sun direction, ‘1’hc a~tit, udc at.
c1 OSCSL app]-each wi 11 be 517 km, and the Earth-relative vclocjty
will be 19.1 km. Tra-jcctory  co~-~-ection  maneuve]-s will t,ake place 30
arlci 1 0 days bcfo]”e clc)scst.  app]”oacll, and a c1 can-up n~aneuver ’20
days after I_he flyby,

‘1’hc> Jupitc~ flyby will C) CC: LL1- On I)~ceIllb~l- 30, 2000 with an
a]t. it. ulcle c)f 1 41 Jupit. c?]- ]-adii (10.1 million km), and a velocity
~-elat. ivc to ~Jupit, e?- of 11 .6 kn~/s. 1’IIQ flyby altitude is dictated by
c]] avii_ y-assist. consicie?at  ions. IIc)wcr Jupiter flyby altitudes would
]csult in substantial I)elta-Vcloc:ity (AV) pcnalt_ic!s. ‘1’CMS will be
pc]-fo~-rned  80 arid 20 days p]-it)]- LO the flyby for- targeting purposes,
and 70 clays aft. e]- the f] yby tc~ correct_ fo~- navigation e~-~ors . l’hc
sc:iencc pc]-formed by Cassini hcfo]-c the Saturn app~-each phase is
limited lnainly t.c) gravit. atic)na] wave sea]- ches dul”ing t,h~-ee suc:ccs -
sivc oppositions beginning I)c!cernbcr 2001 .

Satu~l] o]bit ixlsc]-t ion (S01 ) C) CCUTS June 25, 2004, ” 6.7 yea]-s af -
tc] launch. ‘1’l]is a~-]iva] ci;ltc enables a dist. arlt PhcJche flyby 38



days })c!fore sol . ~’he 01 b~ L i nse]t.i on ntancuvcl  - wi 1 1 plac:e Lhc!
Spac!c!craft in an initial o]-bit.  with a pc]-i apsi s
Sat_u] n ] adi i ,

]-adius of 1 .3
wl]i c}] i s I_}lc close f;t. I_}ie spaccc~-aft gets to Satu]-rl

ih]-ougl] the entire or bi i a] tour, a period of 152 days, and an jn -

cl i I)a Lj on of 1 ‘)0 wi t.}1 respect. Lc) SaLu~-rl ‘ s equat,or  . ‘1’l~e j nj t.j al o1--
hj t. j s dc!sj grrecl to t.a~-get the ccmhj ned o~-bj t-er/probe spa~ecl-aft. to
‘J’j tan wj Lh the propc!] appJ-Oa C}l speed anti accu]-acy. on Novembel-  6,
2004, approximate] y fc)u~ moIILhs af t.e]- S01 , the Fluyqens ‘J’j t an pl-obc
wj 11 be separated from the o~-bjt.e~- . 2’WO ciays af t.er sepal- at_j on, the
o~”bj ter performs the orbj t I)efl c!ctj on Maneuvel- (OI)M) to ensure that,
t llc C)l-bj Ler wi 11 not. fol 1 C)W t he p]-c>be i nto T-i tan ‘ s at-nlospherc  and
t c) est, abl j sh the proper gecmmt ~-y for p~-okm data relay. l)]-obe entry
C) CCUI-S al_ the fj]-si q’j tan encounter - on November 2-/, ?004 .

~’}le or bil_al I_our lasts 4 years and consists of 63 Saturn orbits
in var.ic)us c]rjerltatjons, wfit}l o~-bji_al pel-jods ranging from ‘/ to 152
Ciays, arlc~ .S at urn pe~-i apsj .s I-arigjng  f~-or[i abc)ut 1 .3 t.o “/.6 Satu]-rl
raciij . ()]-b ital inclinations with I-espect, Lo SaLul-n’s equator range
f]cmr[ 0° Lo “/60, prc)vidir~q  opportunit. ics for ~-ing il[mging,  magnet c)-
spheri c cc)veraget and radic) (l;art_}]),  solar, and stellar occul La-
t.io:ls of Sat. u]-n, ‘J’i tar], and t.hc ring systcm. A t.ot. a] c)f 33 c:lose
Titan flybys OCCUT during t}le baseline I_our; t,hcse a~e tc) bc used
for gravity assist. cent.rc)l of t_hc Saturn ol-bits as we~ 1 as for
‘J’i Lan science acquisition. ‘J’he spacecraft is also t.arget. ed for 4
close flybys of selected icy sat, cl]it. es, and makes a tc)ta] of pg
mc)re clist. ant satellite encc)urlte~ -s. ~’igu~”e 6 shows a]l t.c)ul- C)rhits
jr] a .~-ot, ati ng coc>rdjnat. e systenl in which the Sun cii~-ect, ion js
fixed. The brc)ad range of ciiffe~-ent orbit orientations allows de-
tailed survey of the magnetosphere and atmosphere of Sat. u~-n. Since
t}lc l’igu~-e has been projected onto the Saturn equat. oria] plane, t_he
inclination of the orbits is not apparent. At this ca]-]y st_agc,
the~-e are nlany fact. o~-s which may eventually cause the t.ou]- p]-ofile
to divel-ge from the one p]esent.  ec] here.

l’he baseline tour conc]ucics jn June, 2008, for a total mission
du~-atioll of 10. ”1 years. Nc)t}ling in the design of the tc)u~- p~-c-
cludes an cxt_ended mission,

I, AUNCI1 PF:RIOD

Tile Current rlomjna] launc}l pe~-joci of the primary Cassjnj
t~-ajeciory opens on Octc)bel- 6, 199-/ and closes c)n Octobc~- 30, 199-1
pl-oviding a 25-day launch pe~-jc)cl. A contingency launch ‘pel-ioci might
be inclucicd dependinq on pcrfo]-nla]]ce  and spacecraft. consiclc]-ations.
The opening c)f the rlominal launc;h period is chosen to be the earli-
est launch date fc)r w}]ich miss ic)n performance requirement s al-e met
and L}]e l-:art.h f] yby altitude is not. lower than 500 km. l,c)we~- alti-
tudes than this will ]-esuli- in undesirable penalties irl sat. i sfyinq
I-:a]-t}l swingby requi~-emer]t_s. ~’he close of the nominal launch perio~
i s due t o an opera t.ior]al const rainl_ imposed by the i nc~-ease i n mag-
nitude of a ]-equi red marleuve]- i 11 t.hc launch- t.c)-Vcr]us lcg of the
trajectory. l’his maneuve~- inc]-cases in magnitucie at, a rate c)f abc)ut
?3 Iti/s pe]- day and it. ]-eac})es a value c)f abc)ut 100 m/s or-] Ott . 30,
199’/. Saturn a~-]-ival dat, e is Constrained k)y ]auncll  ve}lic]c: and t.~-a -
jectory pe~-forri~ance. Mc)reover, t.}lc probe rni ssion must bc at. least.



Mi ssion pe~-fc)~-mallcc i s l[lc!asul”cd in Lerms of F:nd Of Mi ssi on
(}:OM) hi prop[!] 1 ant AV, defi nccl as t.hc amount. c)f bjp]-ope] 1 ant, A V
capabi 1 it_y after comp] et i cjn of the fouy- year sate] 1 ii_c t_c)ur. l’iqu~-e
‘/ shows the injection real-gin and I;OM AV as a funct, ion of launch
Ciat c! . For 1 aunch dates frc)m Ott.obe] 6 to Oct, obe]- 24, a 1 c)cal opt. i -
mum L1-a jectory C!xi st. s . I’or laur]c}]  dates beyi nninq on Ott 25, i_he
local c)ptinlum  t~-aject, o~-y does not. exist, any longer. ‘1’he t.r-ajecto-
l“ics shown fo]- l_hcse latc~ launch dates are fo~- a fixed C3
(inject jc,n Crlel-gy per unit mass) c)f 17 km2/sec2 . As a result,
these! trajectoric!s are ncjt, optima] trajectories. A ve~-y detailed
a~lal ysis of the launch /a~-~-ival space is being conducted to iden-
tify the best, pe~-forrning  trajectory to fly for the different launch
dates t.h~-ough t}le launch pe~-iod. A more comp]etc ciesc~-ipt_ion of
this stucly can be obtained f~-c)m the II CASC. ]N] ] 997 VV~JGA ‘l’~-ajectory

haunch/Arrival Space Aria] ysi sl’ .

!i’ab]e 2 S11OWS Lhe mass sur[unary for t_}le p~-imary mission with a
launchI date oct.. 6, ]99-/. ‘1’ab]e 3 sl]ows a propellant consumption
P~-ofile ~hroughout t.}le mission fo~- a launch date Oct. 6, 199-) and a
C3 of 18.1 km2/s2, A sample F:OM AV is also illustrated in tables.
Cassini 1s 3132 kg of total propellant is used for dcte~-ministic  and
statistical (navigation) maneuvel-s, at.t, it.ude control, ]inc clearing
maneuvers, and sci ence. turns . ‘l’CM’S  arc either deterministic or
st. atis tic a] , and occur du~-ing boi_h the inte~planet. ary and satellite
tc)u]- phases of t.hc missic)rl. l’he propellant consumption was comput, ed
f~-om t,he rc)cket ec~uat ion.

SF: CONI)ARY ANI) }lACKUP I’I<AJ}:C’1’OI<l}:S

Tc) recover from posib]e launch delays arising from unavoid-
able schedule slips, t_he Cassini prc)ject has selected a set of sec-
c)ndary and backup I[lission c)p])ortu~li~ies, shown in q’able 4 . These
t~aject_orics  all make USC? of the Venus -Earth -Rart. h G~-avity Assist
(VEF:GA) corlcept  . Seconda~-y l[~issior~s  al-e allowed to have a launch
date ~css than six mc)nths aftcl- the p~-ima~-y mission. l’ll,ese n~issions
p~otect, against. launch slips that Occu]- after ha~-dware deli ve~-y,
ancl can be diagnosed anti fixed within a sho~-t. t,inle. Science ~-et.u~-n
car] be cieg~-aclcd  s] iglltl y in light c)f the? cc)mpeting  p~-essu~-e  t.o
launch the space c~-aft if a prc)blem delaying t_he primary r[(ission is
icicnti fied and solveci. }lackup nlissions a~-e l-equi red to he launched
at ]east six mc)r”lt}ls aft. el” the primary mission oppo~”t,  ul”lity, and to
})avc! tllc same science ~-et, u~-n p~-ofi]e as the prima l-y mission. I{ackup
missions are kept in the n~issic)n sc!t t.c) prc)t. ect against launch
Sli}”l S f]-om pl-og]-ammatic c)l- t.ec}lnical issues L)lat - cause a long
]aunc}) delay.

~’}ie cu~-]-ent n(i ssi c)n set cc)nt.sins t_wo Seconcia y-y mission
oppol-tuni  t.i es, launching in I)ec:embcl  - of 3 99’/ anti May-ch c)f 1998,
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F’iqules 8 and 9. ‘1’]le fj ]-st, of thc!se r[lj ssions ]aunchc!s on a VI:E:GA
I)c:ccmber 9“1 trajectory, ar~-iving at Saturn in Octobc~- of 2006. ~’he
t ]-ajcct ol-y pel-fc)rn~arrce  i s sufficient in t-his case to allow no
degl-adation t.o the science! retul-n.  g’llat. i S, the mi ssi on cc)rli_air)s a
full 4- yc!a~ tour wit.]) 35 ~’it al) f] ybys. ~’}lc signi ficarlt diffcl-exlce
bc!twc!cn i.hi s mi ssion alld t_}lc! primal-y i s a longer i nt_c~-pl anet. al-y
cluise tirrw, al though illc ri nq ori cnt. ati on wi t,h rcspec, t LO t.lle sun
dcgl-ades c)ver ti me . ‘1’hc c~-u~ s-e i s two year-s longe~-  aft. el- a launch
de]ay of only 3 months. ~’}le ot}lcr secondary mj ssi on, an I-: VliF:GA
Ma]”ch 98 t~-ajccto~y  (~’igu~e 10) , i s 1 aunc:hed onto a one- yc!a~- I’:a~-th
~-et urn orbi t. whi ch phases irlt_o the backup VKE:GA Ma~-c}~ 99
t~-ajecto~-y. ‘1’his backup VF:F:GA Trajectory can al so be attaincci by
launching t,he spacecraft. in March of 1999, t_owards Venus. I\ot.h the
Ma]-ch 1998 RVEEGA and t,he March 1999 VE1-:GA trajectory, arrive at
Saturn in ])ecernbcr of 2008.

[[’he secondary and the backup t.raject_ories have enc)ugh AV per-
fc)~-marlce  LO ca~-~-y out I_.hc! I[cission wii_h no degradation. Iloweve]-, the
longel- cruise Lirrles  cause a change in t,he powel- available CiUe t.c)
tile deg~-adation of the Radioisotope ~’llern~oelect_ric  Gene~ato~-  (}{l’G)
pc)wcll- source . The avajl able powc!r level for t,he worst, secondary
mission at. Saturn arrival i s rough] y equal t.o t,hat. avai lab] e for
t-he pl-imal”y mission at I:OM (S01 -I four years) , I’hjs l-esu]t. s in
fewer inst. r-uments being allowed to operate at a given t,inle, or less
engineering support. to a suite of instruments.

!J’able  2. Cassini Missic)n Mass Summary 1 for SRMU pel-formanceo

I)ry Spacecraft (Ox biter) Allocation
P]obe lnt_erface I]ar-dware A]]ocatjon
p~-o}:)e Allocation

Bipropellarrt. (const, ant, load through launch period)
Ilo]dup and Residuals = 81 kg
Rcqui~-ed  for AV = 2829 kg (lsl, = 308s)
Ma~-gin = 90 kg

}Iydl-azi nc!
Attitude and Articulation Cent,]-o] System (AACS)
Required for AV = 52 kg (Isp = 215s)
Ma~-rgin  = 34 kg

Total Wet. Spacccl-aft. (incluclirlg p]-obe)
IIaunch Vehicle AdapLc~- Al]c)c:ation
‘1’c)ta] lnjccted Mass
‘I’it. an IV (SRMU)/Cent.  au~- Capability
lnjc!ct. ion Margin

] Opcnning of launc}l per- ic)d on Oct. 6, 199”/.

Mass (kg)

2?150
46

306

3000

132
46 kg

5634
190

5824
6234
410

~ ])~,s~d ~]por} NASA l,cwis Rescalcli CCrltC!z (I,CRC) ~mrfc)rrnax]cc  quc)l-atio~]
for Cassi~”,  i (Nov. 1 “1, 1992) for- a C3 of 18.1 krn2/s2. ]l”lC]UdCS 262 kg
with val iab]e launch azimutl]r r[li ssion  pc:cLIl jar }lydl-a zinc hu~n -off c)f
18 kg, and 181 kg ],eRC rr~anagc~ 1s reserve. Performance based on a
cli spersed F’Mtl constrain_ 400 IITU/ftp/hr



AV 1 Sp lnitjal l)c!lta
Mass Mass

(m/s) (See) (Kq) ( K~.————— — ——.

Adapt cr drc,p 5824 190

IJSM 1 0 308 5634

l)SM 2 466 308 5634 805

1 /P NAV ‘1’CM
Bipropcll ant 191 308 4829 296

I’I c–SO] AACS circ)p 4533 31

sol 548 308 4502 -14-1

Sol I)clay -i
G1-avjt. y IIc)ss -16 308 3755 94

PRM 3?6 308 3661 3“/5

k’j ]-st O~-bj t. ~’CM
}lj propel 1 ant 38 308 328”1 41

Probe! Release (PR) 3245 306

OI)M 5 “1 308 ?.939 ~ :,

I)ci_c~[lljnjstic
Tour F)iprop. 200 308 2884 185

Tou]- NAV ‘1’CM
}lj propel lant ?.-/1 308 2699 232

‘1’our NAV ~’CM
}Iyd~-ayine 43 215 2468 50

Post-SOl A7\CS d~-c)p 2418 15—— —....——.—.

P:OM l{ip~-opel  lani-/Ilydray, i ne AV Margi n (Jn/s) : 115/31

q’eta] U:; ab] c })ipl-c)pe]  1 ant ~-equi ~-ed for nomi r-la] (Kg) 2829
‘J’otal Usah]c I]jp~-cJpcl  lalll- left. ai_ P:OM (Kg) 90
‘1’c)ta]  Mi ssi on }Ij propc:] 1 ant 3000

~’eta] Usable [Iydrazi ne rcqui ~-c!d fo~- nominal (Kg) 96
~’c)ta] Usable ~lycl~-azi  nc! left at ROM (Kg) 34
Tots] mi ssion Hyd~-az. inc (Kg) 132



‘1’able 4 Secondary and }iackup ‘] ’~-a:ject,  o~-ies

classjLfication Seconclary

Tl”a-jcctc)ry TypC! VI: F:(;A

l,aunch Period 12/5/9”/ -12/22/9”/

AI-~-ival Date 10/13/2006
Cruise Du>-ai.ion
(yea~-s) 8.8
Satellite ‘l’our
(yea~-s) 4

Secondary/Backup

RVKP:GA/VKF:GA
3/?.0/98 - 4/6/98
3/19/99 - 4/5/99

10,8/9.8

4
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Fig. 5 ‘VVEJGA - EARTH Flyby, Trajectory North Pole View



r \ J

. i...-. A
●

(D

b
-l-i
h



700

- - -
bUU

500

400

300

200

<n“o

n“

. . .

● ✌

✏

✏ ✎ ✏
✘

v —~/“-
.--*—.—. —9—. —.— W

m-’-
./’- —m—

_ . / EOM AV (fT/S)

I ,,, ,, ,.

.,

,.. . . . .
I t I I I

, I 1 1 I 1 ! r I 1 1 I f r
i 1,. ,i I I I I I I I I

\\ Y\\k\  x\’.
I I T

Fig. 7 VVEJGA - Injection Margin and EO.M AV as a Function of Launch Date



I

,7 \ I

TO SATURN
\ I

\

\ EAR- -

+
LAUNCH

5 DEC 1997
1

[
_  M A N E U V E R  /

/ 5 FEB 2001

OR:[T 3

\
ENUS FLYBY

PERIHELIA

26 APR 1998 .63 AU
11 SEP 1999 .71 AU
14 AUG 2002 .97 AU

TICKS EVERY 30 DAYS

Fig. 8 VEEGA 97  - Inner Solar System Trajectory



To /\
--.—..—.  .
bAIUHN

\
~ VENUS FLYBY

1
1 +

ORBIT 4 \
EARTH-3 FLYBY

24 AUG 2004
\ \

1 MANEUVER

I PERIHELfA
10 JUN 1998 .90 AU
14 AUG 1999 .62 AU

I 08 MAY 2000 .62 AU
I 05 OCT 2001 .88 AU
I TICKS EVERY 30 DAYS 12 SEP 2004 .97 AU

Fig. 9 EVEEGA  98 - Inner Solar System Trajectory



/\
/ ‘\

TO SATURN \

VENUS FLYBY

.EARTH-I FLYBY

ORBIT 3
?T

ORBIT 2(

i
1 MANEUVER

\ / w ‘ERIHELIA
3 JUN 2003

v / 12 AUG 1999 .63 AU
06 MAY 2000 .63 AU
03 OCT 2001 .87 AU

I TICKS EVERY 30 DAYS 11 SEP 2004 .96 AU

Fig. 10 VEEGA  99 - Inner Solar System Trajectory


